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The present invention concerns advanced epoxy resin compounds containing mesogenic moieties, 
curable compositions and cured compodtions thereof. 

Epoxy resins are useful in many applications such as adhesives, coatings, castings, laminates, and 
composites. In each of these applications, it is desirable to have epoxy resins with improved physical and/or 
thermal properties. 

The present invention provides advanced epoxy resin compounds with improved properties through the 
incorporation of mesogenic (liquid crystalline type) structures into the polymer chain. These resins are 
obtained through advancement reactions with mesogenic compounds containing active hydrogens. The 
typical structure of the mesogenic compounds consists of two or more aromatic rings bridged by a rigid, 
central linkage. The active hydrogen sites are provided by hydroxyl. amine, amide and/or carboxylic acid 
functionality. 

An additional aspect of the present invention is that the property improvements which are obtained with 
these resins can be ^rther enhanced by the application of electric and magnetic fields and shear stresses 
during processing and/or cure- 
One aspect of the present invention pertains to advanced epoxy resin compounds prepared by reacting 
an epoxy resin having an average of more than one vicinal epoxy group per molecule with a compound 
having an average of more than one active hydrogen atom per molecule represented by the following 
formulas I. 11 or Ml: 
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Formula I 
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Formula II 




Zl — 22 — 21 
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Formula III 



Z3 




45 wherein at least about 80 percent of the Z and x' groups are in the para position with respect to each other 
in Formula I; at least about 80 percent of the and Z* groups are in the para position with respect to each 
other in Formula III; each X Is independently hydrogen, a hydrocarby! or hydrocarbyloxy group having from 
1 to 12, preferably from 1 to 6, most preferably from 1 to 4. carbon atoms, a halogen atom, -NO2 or -ON; 
each x' is independently a hydroxyl group, a carboxylic acid group or the group represented by formula IV: 
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Formula IV (x)^ 

HO a^V— Z6 



each Z is independently -CR' = CR^-, -CR^ =CR'-CR' = CR'-. -CR' = N-N = CR'-. -CR' = CRi-C0-0-CH2-, 
-CR'=CRi-C0-0-CHa^H2-, -CH2-0-C0-CR^ = CR'-. -CH2-CH2-O-CO-CR' =CR'-. -CR' =CR'-CO-0-, -O 
70 COCR' = CR'-. -N = N-. -CO-NH-. -NH-CO-. -CO-NH-NH-CO-. -C^C-. -CsC-CsC-, -COS-. -S-CO-. -C0-0-. 
-0-C0-, a direct single bond when nSI, 

-CRlsN- -NrCRl- -NsN- 

0 0 0 * 
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Z' is independently -O-CO-, -C0-0-, -NR^-CO and -CO-NR^-; each n' Is independently zero or 1; is 
independently a hydrogen atom or an alkyi group having from 1 to 4 carbon atoms; 2? is a divalent 
hydrocarbyl group having from 1 to 12, preferably from 1 to 6. more preferably from 1 to 4 carbon atoms; 
-SO-. -SO2-, -S-, -S-S-, -0-. or -CO-; each 7} is independently -CONH-. or -NH-CO-; 2? is a group 
represented by a cyclic or bicyciic ring system containing from 5 to 12, preferably from 5 to 10, more 
preferably from 5 to 6 carbon atoms or a group represented by formula V: 
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Formula V 





n 



7? is NH2-, NH2-SO2-. NH2-CO-. or NH2-Z5-0-; each 2* is Independently -CR^ = CR^-. -CR'=Cff- 
70 CR' = CR'-. -CR^ = N-N = CR'-. -CR^ = CR'-CO-OCHa-.-CR^ =CR'-CO-0-CH2-CH2-. -CH2-O-CO-CR1 = CR'-. 
-CH2-CH2.0-C0-CR'=CR'-. -CR' = CR'-CO-O-. -O-CO-CR^ = CR'-. -N = N.. -CO-NH-. -NH-CO. -CONH- 
NH-CO-, -OC-, -CssOCsC-. -CO-S-, -S-CO. -CR' = N-, -N=CR^-, -CO-O. -0-CO. a direct single iDond. 
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7? is an alkyi or cycloaikyl group having from 1 to 10, preferably from 1 to 6, more preferably from 1 to 3 
carbon atoms; 7J is the same as Z* with the proviso that it can also Independently t)e a divalent 
hydrocarbyl group having from 1 to 4, carbon atoms, -SO, -SO2-, -S-S-. -O, or -CO; and n has an 
average value of zero to 6. 

s Another aspect of the present invention pertains to curable compositions comprising the aforementioned 

advanced epoxy resins and a curing amount of a curing agent or curing catalyst therefor. 

A further aspect of the present invention pertains to products or articles resulting from curing the 
aforementioned curable compositions. 

A still further aspect of the present invention pertains to products resulting from the application of an 
to electric field or magnetic field or shear flow during curing or processing of the aforementioned advanced 
epoxy compounds. 

The advancecd epoxy resin compounds of the present invention provide cured products having an 
improvement in one or more of the following physical or thermal properties such as, but not limited to, glass 
transition temperature, tensile strength, tensile modulus, flexural strengtfi, and flexural modulus. 
75 The term "hydrocarbyl" as employed herein means any aliphatic, cycloaliphatic, aromatic, aryl substi- 
tuted aliphatic or cycloaliphatic, or aliphatic or cycloaliphatic substituted aromatic groups. The aliphatic 
groups can be saturated or unsaturated. Likewise, the term "hydrocarbyloxy" means a hydrocarbyl group 
having an oxygen linkage between it and the carbon atom to which it is attached. 

The term "active hydrogen atom" as employed herein means a hydrogen atom which is reactive with a 
20 vicinal epoxide group. 

Particularly suitable compounds having an average of more than one active hydrogen atom per 
molecule which can be employed herein include hydroxyl-containing compounds, primary amine-containing 
compounds and compounds containing more than one aromatic amide group per molecule. These 
compounds include, for example, those compounds represented by the aforementioned formulas I, II and HI. 
25 Partteularly suitable hydroxyl-containing compounds include, for example, bis(4-hydroxyphenyl)- 
terephthalate, N.N'-bis(4-hydroxyphenyl)terephthalamide. bis(4'-hydroxybiphenyl)terephthalate, 4,4'- 
dihydroxyphenylbenzoate, 4.4 -dihydroxybenzanilide, 4,4 -dihydroxybiphenylbenzoate, 1 ,4-bis(4 - 
hydroxyphenyl-1 '-carboxamide)ben2ene, 1 ,4-bis(4'-hydroxyphenyl-1 '-carboxy)benzene, 4,4'-bis(4 
hydroxyphenyl-l"-carboxy)biphenyl, bis(4'-hydroxyphenyl)- 1,4-t)enzenediimine, 4.4'-dihydroxy-ormethylstil- 
30 berie, 4,4'-d!hydroxy-a-cyanostilbene, 4,4'-dihydroxystllbene, 4,4'-dihydroxy-2,2'-dimethyia20xybenzene, 
4,4'-dlhydroxy-a,a'-diethylstilbene and mixtures thereof. 

Particularly suitable carboxylic acid-contdning compounds include, for example. 4.4 -benzanilide dicar- 
boxylic acid. 4.4'-phenylbenzoate dicarboxylic acid. 4,4 -stilbenedicarboxylic acid and mixtures thereof. 

Particularly suitable primary amine-containing compounds include, for example, 4 -sulfonamido-N- 
35 phenyl benzamide, 4'-sulfonamld9-N'-phenyl-4-chlorobenzamide, 4-amino-1-phenylbenzoate, 4*amino-N- 
phenylbenzamide, N-phenyl-4-aminophenyl-1 -carboxamide. phenyl-4-aminobenzoate, biphenyM-aminoben- 
zoate, 1 -phenyl-4'-aminophenylterephthalate, and mixtures thereof. 

Particularly suitable aromatic amide-containing compounds include, for example, N,N'-diphenyltereph- 
thalamide, 1 ,4-benzenediphenylcarboxamide, 1.4-cyclohexanediphenylcarboxamide, benzanilide ether, N- 
40 phenylbenzamide and mixtures thereof. 

Suitable epoxy resins which can be advanced with the aforementioned active hydrogen-containing 
compounds include ^ose epoxy resins having an aliphatic, cycloaliphatic or aromatic base. These include 
the polyglycidyl ethers of alkylene glycols, polyoxyalkylene glycols, dihydric phenols including bisphenols 
and dihydroxy biphenyl as well as substituted derivatives thereof, phenol and substituted phenol aldehyde 
45 novolac resins, phenol or substituted phenol hydrocarbon resins. The dihydric phenols and novolac resins 
and hydrocarbon resins can contain such substituents as hydrocarbyl or hydrocarbyloxy groups containing 
from 1 to 10, preferably from 1 to 6, more preferably from 1 to 3 carbon atoms, halogen atoms, particularly 
chlorine or bromine, -NO2, and -CsN. Exemplary of such suitable epoxy resins Include those represented 
by the following formulas VI, VII, Vlll. IX or X: 
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wherein each A is independently a divalent hydrocarbyl group having from 1 to 12. preferably from 1 to 6. 
more preferably from 1 to 3 carbon atoms. -0-. -S-, -SO-, -SO2-, or -CO-; each a' independently a 

divalent hydrocarbon group having from 1 to 6. preferably from 1 to 3 carbon atoms; Q is a single bond. 
-CH2-S-CH2-. -(CH2)ni-. or 



-<>• 

each R is independently hydrogen or an alkyi group having from 1 to 4 carbon atoms; each and R^ is 
independently hydrogen, a hydrocarbyl or halohydrocarbyl group having from 1 to 6, preferably from 1 to 3, 
more preferably from 1 to 2 carbon atoms; each X is independently hydrogen, a hydrocariDyl or 
hydrocarbyloxy group having from 1 to 12. preferably from 1 to 6, most preferably from 1 to 4 carbon 
atoms, a halogen atom, -NOa or -CsN; m has a value from 1 to 10. preferably from 1 to 4, more preferably 
from 1 to 2; m' has a value from 0.01 to 12. preferably from 1 to 6. more preferably from 1 to 3; m' has an 
average value from 1 to 12, preferably from 1 to 6. more preferably from 1 to 3; m^ has a value from 1 to 
12, preferably from 2 to 6, more preferably from 2 to 3; n has a value of zero or l; n' has an average value 
from zero to 3. preferably from zero to 1-5, more preferably from zero to 0.5; and n' has an average value 
from 1 to 10. 

The epoxy resin having an average of more than one vicinal epoxy group per molecule and the 
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compound having an average of more than one active hydrogen atom per molecule are reacted in amounts 
which provide suitably from 0.01:1 to 0.05:1, more suitably from 0.01:1 to 0.5:1, most suitably from 0.01:1 to 
0.3:1 active hydrogen atoms per epoxy group. 

When the epoxy resin having an average of more than one vicinal epoxy group per molecule and the 
5 compound having an average of more than one ac^ve hydrogen atom per molecule and containing one or 
more mesogenic structures are reacted in amounts which provide from 0.01:1 to 0.95:1 active hydrogen 
atoms per epoxy group, a curable (thermosettable) advanced epoxy resin is produced. When the epoxy 
resin having an average of more than one vicinal epoxy group per molecule and the compound having an 
average of more than one active hydrogen atom per molecule and containing one or more mesogenic 
10 structures are reacted in amounts which provide from 0.96:1 to 1.05:1 active hydrogen atoms per epoxy 
group, a substantially thermoplastic, resinous product is provided. Said resin composition contains little, if 
any. curable residual epoxide functionality, and may thus be processed using the typical processing 
methods employed with conventional thermoplastics, such as, for example, injection molding or extrusion. 
Thermosetting may, however, be induced, for example, via reaction of all or a part of the backbone 
15 secondary hydroxyl groups produced in the aforesaid advancement reaction, with a curing agent therefor. 
One class of said curing agents includes the di/polyisocyantes as well as the blocked di/polyisocyanates 
which can be induced to react with said secondary hydroxy groups providing urethane linked crosslinks 
between the resin chains. An example of a specific diisocyanate especially useful herein Is 4,4 - 
ditsocyanatodiphenylmethane. When the compounds having an average of more than one active hydrogen 
20 atom per molecule used in the advancement reaction is a diphenol. the resultant resinous product is a 
phenoxy resin. According to the teachings found in Encyclopedia of Polymer Science and Engineering, Vol. 
6, page 331, published by John Wiley and Sons, New York (1986) aside from the aforementioned 
advancement method, a phenoxy resin may also be prepared by reaction of a 1 :1 mole ratio of high purity 
bisphenol A and epichlorohydrin. It is therefore operable to prepare the phenoxy resins containing one or 
25 more mesogenic structures of the present invention via reaction of one or more diphenols containing one or 
more mesogenic structures with one or more epihalohydrins. A typical example would thus be the phenoxy 
resin produced from the reaction of epichlorohydrin and bls(4-hydroxyphenyl)terephthalate using the 
aforementioned stoichiometric ratio. 

The advancement reaction can be conducted in the presence of a suitable advancement catalyst such 
30 as phosphines, quaternary ammonium compounds, phosphonium compounds and tertiary amines. Particu- 
larly suitable catalysts include, for example, ethyltriphenylphosphonium chloride, ethyltriphenylphosphontum 
bromide, ethyltriphenylphosphonium iodide, ethyltriphenylphosphonium diacetate 

(ethyltriphenylphosphonium acetate •acetic acid complex), ethyltriphenylphosphonium phosphate, tetrabutyl- 
phosphonium chloride, tetrabutyiphosphonium bromide, tetrabutylphosphonium iodide, tetrabutyl*. 
35 phosphonium diacetate (tetrabutylphosphonium acetate* acetic acid complex), butyltriphenylphosphonium 
tetrabromobisphenate. butyltriphenylphosphonium bisphenate, butyltriphenylphosphonium bicarbonate, ben- 
zyltrimethylammonium chloride, tetramethylammonium hydroxide, triethylamine. tripropylamine. 
tributylamine, 2-methylimidazole, benzyldimethylamine and mixtures tiiereof. Many of these catalysts are 
described in U. S. Patent Nos. 3,306,872; 3,341,580; 3,379,684; 3,477.990; 3.547,881; 3,637,590; 3,843,605; 
40 3,948,855; 3,956.237; 4,048.141; 4,093,650; 4.131,633; 4,132,706; 4.171,420; 4,177.216 and 4,366.295. 

The amount of advancement catalyst depends, of course, upon the particular reactants and catalyst 
employed; however, the advancement catalyst is usually employed in quantities of from 0.03 to 3, 
preferably from 0.03 to 1.5, most preferably from 0.05 to 1.5 percent by weig^ based upon the weight of 
the epoxy-containing compound. 
45 The advancement reaction can be conducted at atmospheric, superatmospheric or subatmospheric 
pressures at temperatures of from 20* C to 260* C, preferably from 80* C to 200* C, more preferably from 
100* G to 150* C. The time required to complete the advancement reaction dep^ds upon the temperature 
employed. Higher temperatures require shorter periods of time whereas lower temperatures require longer 
periods of time. Generally, however, times of from 5 minutes to 24 hours, preferably from 30 minutes to 8 
so hours, more preferably from 30 minutes to 3 hours are suitable. 

ft desired, the advancement reaction can l>e conducted in the presence of one or more solvents. 
Suitable such solvents include, for example, glycol ethers, aliphatic and aromatic hydrocarbons, aliphatic 
ethers, cyclic ethers, ketones, esters, amides, and combinations thereof. Particularly suitable solvents 
include, for example, toluene, benzene, xylene, methyl ethyl ketone, methyl isobutyl ketone, diethylene 
55 glycol methyl ether, dipropylene glycol methyl ether. N,N-dimethylformamide, N-methylpyrroUdinone. 
tetrahydrofuran. propylene glycol methyl ether and combinations thereof. The solvents can be employed in 
amounts of from zero to 80 percent, preferably from 20 percent to 60 percent, more preferadjiy from 30 
percent to 50 percent by weight based upon the weight of the reaction mixture. 
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While the advancement of epoxy resins with active hydrogen-containing compounds having rigid, liquid 
crystal type structures results in an epoxy resin with improved properties, an epoxy resin with even more 
improvement can be obtained tf the advanced epoxy resin compound is subjected to external fields or 
induced stresses. These fields or stresses provide the orientation of the epoxy resin advancement adducts 

5 due to their anisotropic properties. To achieve this orientation during processing, electric or magnetic fields 
and shear stresses can be applied. The preferred method for orientation is through the application of shear 
stress. In addition to orientation by electric and magnetic fields, polymeric mesophases can be oriented by 
low shear rates (0.1-90 sec~^) which are induced by flow through dies, orefices, and mold gates. For the 
potential mesomorphic systems based on the advancement of epoxy resins with rigid, liquid crystal type 

70 structures, shear orientation can be induced by processing metiiods such as Injection molding, extrusion, 
filament winding, puitrusion and filming at temperatures from ambient to 200* C, preferably from ambient to 
160*C and more prefer^ly from ambient to 120' C. At the time of this processing, an epoxy resin 
hardener and/or catalyst which would be a part of the final formulated system would set or cure the resin in 
an oriented, highly ordered state from 1 minute to 1 hour, preferably from 1 minute to 30 minutes, and more 

T5 preferably from 1 minute to 10 minutes. 

The advanced epoxy resins of the present invention can be cured by the conventional means for curing 
epoxy resins such as by mixing with any suitable curing agent. Suitable such curing agents include, for 
example, primary and secondary poiyamines. carboxyltc acids and anhydrides thereof, phenolic hydroxyl- 
containing compounds, guanidines, urea-aldehyde resins, melamine-aldehyde resins, alkoxylated urea- 

20 aldehyde resins, all<oxylated melamine-aldehyde resins, aliphatic, cycloaiiphatic and aromatic amines and 
combinations thereof. Particulariy suitable curing agents include, for example, ethylenediamine, 
diethylenetriamine, triethyleneteframine, tetraethyienepentamine, sulfanilamide, bis{hydroxyphenyl)methane, 
methylenedianiline. maleic anhydride, chlorendic anhydride, diaminocyclohexane. isophoronediamlne. 
methylbicyclo(2.2.l)heptene-2.3-dicarboxylic anhydride, phenol-formaldehyde novolac resin, cresol-formal- 

25 dehyde novolac resin, methylolated urea-formaldehyde resin, methyiolated melamine-formaldehyde novolac 
resin, diethyltoluenediamine, diaminodiphenyl sulfone and combinations thereof. The curing agents are 
employed in an amount which will effectively cure the composition containing the mesogenic moieties. 
These amounts will depend upon the particular advanced epoxy resin and curing agent employed; however, 
suitable amounts include, for example, from 0.95:1 to 1.2:1, more suitably from 0.95:1 to 1.15:1, most 

3Q suitably from 1:1 to 1.16:1 equivalents of curing agent per epoxide equivalent for those curing agents which 
cure by reacting with the epoxy group of the epoxy resin. The Handbook of Epoxy Resins by Lee and 
Neville. McGraw-Hill, 1967, contains various discussions concerning the curing of epoxy resins as well as 
compilation of suitable curing agents. 

The advanced epoxy resin compound of the present invention can be blended with other materials such 

35 as solvents or diluents, fillers, pigments, dyes, flow modifiers, thickeners, reinforcing agents, mold release 
agents, wetting agents, stabilizers, fire retardant agents, surfactants and combinations thereof. 

These additives are added in functionally equivalent amounts, e.g., the pigments and/or dyes are added 
in quantities which will provide the composition with the desired color; however, they are suitably employed 
in amounts of from zero to 20, more suitably from 0.5 to 5, most suitably from 0.5 to 3 percent by weight 

40 based upon the weight of the total blended composition. 

Solvents or diluents which can be employed herein include, for example, hydrocarbons, ketones, glycol 
ethers, aliphatic ethers, cyclic ethers, esters, amides and combinations thereof. Particulariy suitable solvents 
or diluents include, for example, toluene, benzene, xylene, methyl ethyl ketone, methyl isobutyl ketone, 
diethylene glycol methyl ether, dipropylene glycol methyl ether, dimethyiformamide, N-methylpyrrolidinone, 

^ tetrahydrofuran, propylene glycol methyl ether and combinations thereof. 

The modifiers such as thickeners and flow modifiers can be suitably employed in amounts of from zero 
to 10, more suitably from 0.5 to 6. most suitably from 0.5 to 4 percent by weight based upon the weight of 
the total composition. 

Reinforcing materials which can be employed herein include, for example, natural and synthetic fibers 
so in the form of mats, woven fabric, monofilament, multifilament, unidirectional fitter, rovings, random fibers or 
filaments, inorganic fillers or whiskers and hollow spheres. Suitable reinforcing materials which can be 
employed herein include, for example, glass, ceramics, nylon, rayon, cotton, aramld. graphite, polyaikylene 
terephthalate, polyethylene, polypropylene polyesters and combinations thereof. 

Suitable fillers which can be employed herein include, for example, inorganic oxides, ceramic micro- 
55 spheres, plastic microspheres, inorganic whiskers, glass microspheres, CaCOs and combinations ttiereof. 

The fillers can be employed in amounts suitably from zero to 95. more suitably from 10 to 80, most 
suitably from 40 to 60 percent by weight based upon the weight of the total composition. 

The following examples are illustrative of the present invention. 

12 



gSDOCID: <EP p3790SSA2_L> 



EP 0 379 055 A2 



Synthesis of N,N'-Diphenyiterephthaiate 

N,N'-dipheny!terephthalamide (Structure I) was synthesized from aniline and terephthaloy! chloride 
using acetone as a reaction media and an aqueous solution of NaOH to neutralize the HCI generated. 

5 TerephthaloyI chloride (87.2 grams, 0.43 moles) was first added to a stirred, 2-riter reaction flask containing 
one liter of acetone. After the terephthaloyi chloride has dissolved, aniline (80.0 grams, 0.86 moles) was 
added dropwise using an addition funnel over a 30 minute period. During the course of this addition, a white 
precipitate was fonned. A 200 ml aqueous solution of NaOH (34.3 grams, 0.86 moles) was then added, also 
using an addition funnel, over a 30 minute period. The reaction temperature during both the aniline and 

10 NaOH addition was maintained below 35* 0 by blowing air onto the outside of the reaction flask. After the 
NaOH addition, the reaction mixture was stinted for three hours and then vacuum filtered (filtrate pH = 7). 
The filter cake obtained was washed with 400 ml of acetone and then added to one liter of deionized water, 
stirred for 15 minutes and filtered. This filter cake was washed with 600 ml of acetone and then dried in a 
105* C vacuum oven to a constant weight. This final product (114.4 grams, yield = 84.2 percent) exhibited 

IS a sharp melting endotherm by differential scanning calorimetry (DSC) at 346* C. Also Fourier transform 
infrared (f=TIR) analysis showed the following absorbances which are indicative of the structure for the final 
product: 3329 cm""^ (N-H stretch), 1528 cm""' (Amide II band) and 1650 cm"' (Amide I band). 



20 




Structure I 
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Synthesis of N-Phenylbenzamide 



35 



40 



N-phenylbenzamide (Structure II) was synthesized from aniline and benzoyl chloride using acetone as a 
reaction media and an aqueous solution of NaOH to neutralize the HOI generated. A 20 ml aqueous solution 
of NaOH (2.57 grams. 0.064 moles) and 6.0 grams (0.064 moles) of aniline were first added to a stirred 250 
ml flask containing 75 ml of acetone. Benzoyl chloride (9,06 grams, 0.064 moles) was next added over a 
five minute period. This reaction mixture which now contains a white precipitate was stirred for 1.5 hours 
and then diluted with 50 ml of deionlzed water. This solution was next filtered and the filter cake obtained 
was sequentially washed with 50 mi of deionlzed water (two times) followed by 50 ml of methanol. The 
washed filter cake was recovered and analysis of this product showed a sharp melting endotherm at 169* 0. 



45 




Structure II 
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Synthesis of 4'"$ulfonamido-N"Phenylben2am!de 

4'-sulfonamido-N-phenylbenzamide (Structure III) was synthesized from sulfanilamide and benzoyl 
chloride using acetone as a reaction media and an aqueous solution of NaOH to neutralize the HCI 
generated. Sulfanilamide (100 grams, 0.58 moles) was first added to a stirred, two liter reaction flask 
containing one liter of acetone- After the sulfanilamide had dissolved, benzoyl chloride (82 grams, 0.58 
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moles) was added dropwise using an addition funnel over a 20 minute period. During the course of tiiis 
addition, a wliite precipitate was formed. A 200 ml aqueous solution of NaOH (23.2 grams, 0,58 moles) was 
then added, also using an addition funnel, over a 30 minute period. The reaction temperature during this 
addition and that of the benzoyl chloride was maintained below 30* C by blowing air onto the outside of the 

5 reaction flask. After the NaOH addition, the reaction mixture was stirred for two hours and then vacuum 
filtered. The filter cake obtained was washed with one liter of deionized water. These solids were next 
added to 300 ml of acetone, stirred for 15 minutes, and then vacuum filtered. This filter cake was washed 
with 500 ml of deionized water followed by 300 mi of acetone and then dried to a constant weight in a 
100°C vacuum oven. The final dried product (145 grams, yield = 90.2 percent) exhibited a sharp melting 

10 endotherm by DSC at 297* C. Also FTIR analysis of this material showed the following absorbances which 
are indicative of the structure for the final product: 3350 cm"^ (N-H stretch), 1520 cm"' (Amide II band), 
1650 cm"^ (Amide I band) and 3267 cm"V3291 cm~^ (N-H stretch of sulfonamide). 
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H2N-.S 

il 
0 

20 

Structure III 




25 



Synthesis of Bis(4-Hydroxyphenyi)Terephthalate 



30 



35 



Bis(4-hydroxyphenyl)terephthalate (Structure IV) was synthesized by the reaction of hydroquinone with 
terephthaloyi chloride through the addition of NaOH. The hydroquinone (162.7 grams, 1.48 moles) and 
terephthaloyi chloride (150.0 grams, 0.74 moles) were first dissolved in 750 ml of tetrahydrofuran in a two 
liter round bottom flask which was stirred. The NaOH (59.1 grams, 1 .48 moles) in 300 ml of deionized water 
was next added dropwise using an addition funnel over a one hour period and the mixture was then allowed 
to stir an additional two hours at ambient temperature (pH = 6). The precipitate obt^ned was collected by 
vacuum filtration and then added to 500 ml of deionized water and 1000 mi of methanol. This solution was 
stirred for one hour at 40-55 *C and then filtered. The solids collected here were added to 1100 ml of 
anhydrous methanol and stirred at 40-55*0 for one hour followed by a third filtration. The resultant solids 
were then dried in a 80* 0 vacuum oven. This final product (111.9 grams, yield = 43.3 percent) exhibited a 
sharp melting endotherm by DSC at 415* C. 



40 




45 



structure IV 



50 



Synthesis of N,N 'Bi$(4-Hydroxyphenyl)Terephthalamlde 



55 



N.N'-bis(4-hydroxyphenyl)terephthalamide (Structure V) was synthesized by the reaction of 
aminophenol with terephthaloyi chloride In the presence of NaHOOa. Two moles of aminophenol (218.3 
grams) and 2 moles of NaHC04 (168 grams) were first added to a stirred, round bottom flask containing 
750 milliliters of acetone and 750 milliliters of deionized water. Two moles of terephthaloyi chloride (203.0 
grams) were then added over a two hour period. During the course of the terephthaloyi chloride addition, 
200 additional milliliters of acetone were also added to wash down the frothy suspension caused by COa 
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evolution. After the terephthaloyl chloride addition, the precipitate produced from the reaction was collected 
by vacuum filtration. For purification of the precipitate ot>tained, one half of this material was placed in a 
stirred, round bottom flask containir^ 900 milliliters of methanol and 450 miHiliters of deionized water. This 
suspension was heated to 56' C and then vacuum filtered. For tt\e solids recovered from this filtration, the 

5 washing step with methanol and deionlzed water was repeated. The filtrant solids obtained from the second 
hot fixation were then added to a stln-ed, round bottom flask containing 1250 milliliters of methanol. This 
suspension was vacuum filtered after 30 minutes to recover the solids for drying. After following the 
preceding washing procedure for the second half of the reaction precipitate, the total solids recovered were 
dried at SO^'C under vacuum for 5 hours. The weight of the dried solids was 325.6 grams. 93.4 percent of 

70 the theoretical yield to N,N -bis(4-hydroxyphenyl)terephthalamlde- The melting point of this final product 
was 405* C as determined by differential scanning caiorimetry. 



O 0 



75 




Structure V 

20 



Comparative Experiment A 

25 

Cured Low Molecular Weight Epoxy Resin 

A diglycidyl ether of bisphenol A. 149.1 grams having 24.6 percent epoxide and a 174.8 epoxide 
equivalent weight (EEW) was heated to 120* C. A conventional epoxy resin hardener, diethyltoluenediamine 

30 (39.51 grsffns, 1.04 times the stoichiometric amount of epoxide) was then added. After ml>dng, this resin 
system was poured into a mold (dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 mm x 203.2 mm x 
3.175 mm) heated to 120* C in a convection oven. The temperature of the oven was then increased to 
180" 0. After two hours at 180* C, the oven was cooled to room temperature. Following cool down, a void, 
free, neat resin casting was obtained from the mold. Glass transition temperature and mechanical properties 

35 for this casting were then determined. These results are reported in Table 1 and again in Table H for 
comparison purposes. 



Comparative Experiment B 

40 

Cured Advanced Epoxy Resin with Bisphenol A -Control 

A diglycidyl ether of bisphenol A, 150 grams (1 equiv.) having a percent epoxide of 16,3 and an EEW of 
263.8 advanced with 25.1 grams (0.25 equiv.) of bisphenol A was heated to 120* C. A stoichiometric amount 
(29.25 grams) of diethyltoluenediamine was then added. After mixing, this resin system was poured into a 
mold (dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 mm x 203.2 mm x 3.175 mm) heated to 120* C 
in a convection oven. The temperature of the oven was then raised to 180* 0. After five hours at 180* C, the 
oven was cooled to room temperature. Following cool down, a void free, neat resin casting was obtained 
50 from the mold. Glass transition temperature and mechanical properties for this casting were then deter- 
mined. These results are reported in Table 111. 

Example 1 Advancement of Diglycidyi Ether of Bisphenol A Resin with N.N'-Diphenylterephthalamide 

N,N'-diphenylterephthalamide (9.00 grams) was added to a stirred, 500 ml reaction flask containing 
300.1 grams of a diglycidyl ether of bisphenol A having an EEW of 177.7. A sample of this material when 
viewed under an optical microscope (70 X magnification) using a cross polarized light source shows 
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dispersed crystallites of tlie N.N -diphenyltereplrithalamide in the epoxy resin. This mixture was then heated 
to 248* C and held at this temperature for 1.5 hours. After cooling to room temperature, optical microscopy 
shows birefringent domains in the epoxy resin. The percent epoxide of this advanced resin was 22.7 based 
on titrametric determination. This percent epoxide corresponds to the expected value obtained by caicula- 
5 tions based on the complete reaction of the amide hydrogens of N.N -diphenylterephthalamide. 

Example 2 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with N,N'-Dlphenyltereph- 
thalamide 

10 

Part of the advanced epoxy resin from Example 1 (147.0 grams) was heated to 120° C. Diethyl- 
toluenediamine (35.81 grams. 1 .04 times the stoichiometric amount of epoxide) was then added. After 
mixing, this resin system was poured into a mold (dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 mm 
X 203.2 mm x 3.175 mm) heated to 120* C in a convection oven. The temperature of the oven was then 

75 raised to 180* C, After two hours at 180° C. the oven was cooled to room temperature and a void free, neat 
resin casting was obtained from the moid. When tiiis casting was viewed under an optical microscope (70 X 
magnification) using a cross polarized light source, rodlike, birefringerrt segments were observed which 
were dispersed throughout the polymer. Glass transition temperature and mechanical properties were then 
determined for this casting and these results are reported in Table I. Compared to the diglycidyl ether of 

20 bisphenol A epoxy resin control of Example 1, the cured resin shows improvements in tensile and flexural 
modulus of 4.7 and 5,9 percent, respectively. 

Example 3 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with N.N'-Diphenyltereph- 
thalamide ^Orientation of Birefringent Segments with the Application of an Electric Field) 

A diglycidyl ether of bisphenol A epoxy resin advanced with N.N'-diphenylterephthalamide (143.3 
grams. 22.5 percent epoxide) was first heated to 160* C, Diethyltoluenediamine (34,86 grams, 1.04 times 
the stoichiometric amount of epoxide) was then added. After mixing, this resin system was poured into an 

30 aluminum mold (dimensions = 8 inches x 8 inches x 1/8 inch: 203.2 mm x 203.2 mm x 3.175 mm) heated 
to 120* C in a convection oven. The mold consisted of two aluminum plates spaced apart by an 1/8 inch 
(3.175 mm) silicone rubber gasket which formed the mold cavity. Prior to pouring of the resin system into 
the mold, a 300 volt charge was established between the two aluminum plates using a direct current power 
supply. After one hour at 120* C, the oven temperature was raised to 180*C and held at this temperature 

35 for two hours. Following cool down from 180*C to room temperature, a void free, neat resin casting was 
obtained from the mold. When this casting was viewed under an optical microscope using a cross polarized 
light source, orientation of the birefringent segments produced through the advancement of diglycidyl ether 
of bisphenol A epoxy resin with N.N'-diphenylterephthalamide was observed. This orientation was normal to 
the electric field application. From this neat resin casting, glass transition temperature and mechanical 

40 properties were determined. These results are reported in Table I. Compared to the diglycidyl ether of 
bisphenol A epoxy resin control of Example 1, improvements in tensile and flexural modulus of 13.5 and 6.4 
percent were observed, respectively. 

45 Example 4 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with N,N'-Diphenyltereph- 
thalamide and N-Phenyibenzamide "* 

N.N -diphenylterephthalamide (9.0 grams) and N-phenylbenzamide (3.0 grams) were added to a stirred. 
500 ml reaction flask containing 300.0 grams of diglycidyl ether of bisphenol A epoxy resin (24.5 percent 

so epoxide). This mixture was then heated to 248* C and held at this temperature for approximately 1 .5 hours. 
The measured percent epoxide of this advanced resin was 22.4 which compared to a calculated percent 
epoxide of 22.3 based on complete reaction of the amide hydrogens of N,N'-diphenylterephthalamide and 
N-phenylbenzamide. After 1.5 hours at 248* C, the resin was cooled quickly to room temperature by 
pouring into a large aluminum pan. When this resin was viewed under an optical microscope (70 X 

55 magnification) using a cross polarized light source, dispersed birefringent areas were observed. 

Example 5 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with N,N -Diphenyltereph' 
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thaiamide and N-Phenytbenzamfde 

Part of the advanced diglycidyl ether of bisphenol A epoxy resin of Example 4 (150.1 grams) was 
heated to 120'C. Diethyltoluenediamine (36.20 grams, 1.04 times the stoichiometric amount of epoxide) 

5 was then added. After mixing, this resin system was poured into an aluminum mold heated to 120* C in a 
convection oven. The configuration of tiiis aluminum mold was the same as in Example 3 and after pouring 
the resin into this mold, a 15 volt charge was established between the aluminum plates using a direct 
current power supply. After two hours at 120* C, the oven was raised to 180* C and held for two hours at 
tills temperature. Following cool down of the oven from 180*C to room temperature, a void free, neat resin 

10 casting was obtained from the mold. When this casting was viewed under an optical microscope using a 
cross polarized light source, dispersed birefringent particles were observed in the polymer. The glass 
transition temperature and mechanical properties for this casting were then determined and these results 
are reported in Table I. Compared to the diglycidyl ether of bisphenol A epoxy resin control of Example 1, 
the cured resin shows an improvement in tensile and flexural modulus of 9.7 and 15.2 percent, respectively. 

Example 6 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with 4'*Sulfonamida'N'Phenylben- 
zamide . ' 

20 Thirty (30) grams of 4 -sulfonamido-N-phenylbenzamide were added to a stirred, 500 ml reaction flask 
containing 300.7 grams of diglycidyl ether of bisphenol A epoxy resin (24.4 percent epoxide). A sample of 
this mixture when viewed under an optical microscope (70 X magnification) using a cross polarized light 
source showed dispersed crystallites of 4 -sulfonamido-N-phenylbenzamide in the epoxy resin. This mixture 
was then heated. At 218* C. the mixture became clear and a small exotherm was observed. Following the 

25 exothenm, which peaked at 235* C, the resin was cooled to room temperature. At room temperature, no 
solids were observed. When viewed under the optical microscope (JO x magnification)^ small birefringent 
areas were observed in the resin. The measured percent epoxide of this resin was 18.5 which compared to 
a calculated percent epoxide of 18.0 based on the complete reaction of all the active hydrogens of the 4'- 
suifonamldo-N-phenylbenzamide. 

30 

Example 7 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with 4 -Sulfonamido-N-Phenylben- 
zamide " 

35 Forty-five (45) grams of 4'-sulfonamldo-N-phenylbenzamide were added to a stirred, 500 ml reaction 
flask containing diglycidyl ether of bisphenol A epoxy resin (299.8 grams, 24.8 percent epoxide). This 
mixture was then heated. At 220* C the mixture started to clear and a small exotherm was observed. 
Following the exotherm, which peaked at 248* C, the resin was cooled to room temperature. At room 
temperature, no solids were observed in the resin. When viewed under an optical microscope (70 X 

40 magnification) using a cross polarized light source, small birefringent areas could be seen. The titrated 
percent epoxide of this advanced resin was 16.3 which compared to a calculated percent epoxide of 15.5 
based on the complete reaction of all the active hydrogens of the 4-sulfonamido*N-phenylbenzamide. 

45 Example 8 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with 4'"Sulfonamido-N- 
Phenylbenzamide 

Part of the resin obtained from Example 6 (145.8 grams) was heated to 120*C. Diethyltoluenediamine 
(29.1 grams, 1 .04 times the stoichiometric amount of epoxide) was then added. After mixing, this resin 

50 system was poured into a moid (dimensions - 8 inches x 8 inches x 1/8 inch; 203.2 mm x 203.2 mm x 
3.175 mm) heated to 120* C in a convection oven. The temperature of the oven was then raised to 180* C 
and held at this temperature for two hours. Following cool down of the oven from 180* C to room 
temperature, a void free, neat resin casting was obtained from the mold. The glass transition temperature 
and mechanical properties of this casting were then determined and these results are reported in Table II. 

55 Compared to the diglycidyl ether of bisphenol A epoxy restn control of Example 1 . this cured resin showed 
improvements in tensile and flexural modulus of 10.9 and 9.3 percent, respectively. 
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Example 9 Cure of Diglycidyl Ether of Bisphenoi A Epoxy Resin Advanced with 4'-SuifonamidQ-N-Phenyl- 
benzannlde (Orientation of Blrefringent Segments with the Application of an Electric Field) 

Part of the resin obtained from Example 6 (174.8 grams) was heated to 120° C. Diethyltoluenediamine 
5 (30.82 greuns, 1.04 times the stoichiometric amount of epoxide) was then added. After mixing, this resin 
system was poured into an aluminum mold heated to 120* C in a convection oven. The configuration of this 
mold was the same as in Example 3 and after pouring of the resin, a 16 volt charge was established 
between the aluminum plates using a direct current power supply. After two hours at 120° C. the oven 
temperature was raised to 180' C. After two hours at 180° C, the oven was cooled to room temperature and 
70 a void free, neat resin casting was obtsuned from the mold. When this casting was viewed under an optical 
microscope (120 X magnification) using a cross polarized light source, birefringent fibers were observed in 
the polymer. The glass transition temperature and mechanical properties for this casting were then 
determined and these results are reported In Table II. Compared to the diglycidyl ether of bisphenol A 
epoxy resin control of Example 1, this cured resin shows improvements in tensile and flexurat modulus of 
75 13.5 and 11.3 percent, respectively. 

Example 10 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with 4'-Sulfonamido-N-Phenyh 
benzamide 

20 

A diglycidyl ether of Bisphenol A epoxy resin which had been advanced with 4'-sulfonamido-N-phenyl- 
benzamide in the same manner as Example 6 was heated to 120*'C. The weight of this advanced resin, 
which contained 18.7 percent epoxide, was 169.9 grams. Diethyltoluenediamine (34.21 grams, 1,04 times 
the stoichiometric amount of epoxide) was then added. After mixing, this resin system was poured into an 

25 aluminum mold heated td 120* C in a convection oven. The configuration of this mold was the same as in 
Example 3. After pouring the resin into the mold, a 50 volt charge was established between the aluminum 
plates using a direct current power supply. After one hour at 1 20 " C, the oven temperature was raised to 
ISO'C. After two hours at 180* C, the oven was cooled to room temperature and a void free, neat resin 
casting was obtained from the mold. The glass transition temperature and mechanical properties for this 

30 casting were then determined and these results are reported in Table 11. Compared to the diglycidyl ether of 
bisphenol A epoxy resin control of Example 1 . this cured resin shows improvements in tensile and f lexural 
modulus of 16.4 and 12.4 percent, respectively. In addition to achieving these higher moduli, the strain to 
failure for this polymer is equal to that of the control. 

35 

Example 1 1 Cure of Diglycldyi Ether of Bisphenol A Epoxy Resin Advanced with 4 -Sulfonamido-N-Phenyl- 
benzamide 

Part of the resin from Example 7 (174.8 grams) was heated to 120* C. Diethyltoluenediamine (30.82 
40 grams, 1 .04 times the stoichiometric amount of epoxide) was then added. After mixing, this resin system 
was poured into an aluminum mold heated to 120* C in a convection oven. The configuration of this mold 
was the same as in Example 3. After pouring the resin Into the moid, a 300 volt charge was established 
between the aluminum plates using a direct current power supply. After one hour at 120* C, the 
temperature of the oven containing the mold was rsused to 180"C and held for two hours at this 
45 temperature. Following cool down of the oven from 180* C to room temperature, a void free, neat resin 
casting was obtained from the mold. The glass transttfon temperature and mechanical properties for this 
casting were then determined and these results are reported in Table III. Compared to diglycidyl ether of 
bisphenol A epoxy resin advanced witfi bisphenol A (Comparative Experiment B), this cured resin shows 
Improvements in tensile and flexural modulus of 17.9 and 18.5 percent, respectively. 

BO 

Example 12 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with Bis(4-Hydroxyphenyl)- 
Terephthalate Followed by Cure with Diethyltoluenediamine 

55 Bis(4-hydroxyphenyl)terephthalate (9.01 grams) was mixed into 50.0 grams of diglycidyl ether of 
bisphenol A epoxy resin containing 25CK) ppm tetrabutylphosphonium acetate •acetic acid complex (70 
weight percent in methanol) catalyst. This mixture, which was contained in a stirred flask, was then heated 
to 140* C. Prior to heating, differential scanning calorimetry analysts of this mixture showed a reaction 
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exotherm beginning at 120* C (peak temperature = 170* C, AH = -64 joules/gram). After three hours at 
140* C, the temperature was reduced to 120*C. The resin at this point contained dispersed crystalline 
segments as observed by optical microscopy (70 X magnification) using a cross polarized light source. 
Diethyttoluenediamine (10.82 grams, 1.04 times the calculated stoichiometric amount of epoxide remaining 

5 after complete advancement) was then added. After mixing, this resin system was poured into an aluminum 
mold heated to 120*C In a convection oven. The mold used was of the same configuration as used in 
Example 3. After pouring the resin Into the mold, a 7 volt charge was applied between the two aluminum 
plates using a direct current power supply. The oven temperature was then raised to 180* C where it was 
maintained for four hours. Following cool down of the oven from 180* C to room temperature, a void free, 

10 translucent casting was obtained from the mold. The glass transition temperature of this polymer was 
131 *C as determined by differential scanning calorimetry which also indicates no additional reactivity to 
300' C. The fiexural strength and modulus for the casting were 17,680 psi and 463 ksi, respectively. 
Compared to diglycidyl ether of bisphenol A epoxy resin advanced with bisphenol A (Comparative 
Experiment B), the fiexural modulus obtained represents a 16.9 percent improvement. 

75 

Example 13 Advancement of the Diglycidyl Ether of Bisphenol A with N.N*-Bis(4-hydroxyphenyl)- 
terephthalamide and Preparation oTa Compression Molded Phenoxy Resin Casting 

20 N,N'-Bis(4-hydroxyphenyl)terephthalamide (30.7 grams; 0.176 hydroxyl equivalent) was blended into an 
equivalent amount of the diglycidyl ether of bisphenol A (30.0 grams; EEW = 170.3; 0.176 epoxide 
equivalent) which contained 4500 ppm tetrabutylphosphonium acetate 'acetic acid complex (70 weight 
percent in methanol) catalyst This blend was then placed in a 130* C convection oven where it was stirred 
approximately every 5 minutes. Differential scanning calorimetry analysis of a sample of this blend showed 

25 a reaction exothemfi (AH = -120 joules/gram) with an onset temperature of 160'C. The peak temperature 
of this exotherm was 240* C. After 30 minutes at 130* C, the oven temperature was Increased to 180*C 
over a 1.5 hour period during which time periodic stirring was continued. After 30 minutes at 180* C. the 
thickened resin was removed from the oven and cooled to approximately 0 * C. The cooled, solid resin was 
then ground to a fine powder. For the preparation of a neat resin casting, part of this powder (54 grams) 

30 was placed in a compression mold (dimensions = 4 inches x 4 inches x 0.125 inch; 101.6 mm x 101.6 mm 
X 3.18 mm). This compression mold was next transferred to a mechanical press heated to 220* C. In the 
press, pressure (1680 psi) was applied to the mold during the first 5 minutes. After 1.5 hours at 220* C, the 
temperature of the press was increased to 240 *C where it was maintained for 1.5 hours before cooling to 
room temperature. At room temperature, an opaque, neat resin casting was obtained from the mold. The 

35 melting point of this polymer was 378* C as determined by differential scanning calorimetry. The fiexural 
strength and modulus of the neat resin casting obtained were 8440 psi and 713 ksi, respectively. 

TABLE I 



DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
N,n'-OIPHENYLTEREPHTHALAMIDE AND N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN 

CURED WITH DIETHYLTOLUENEDIAMINE 


EXAMPLE NO. 


Comp. 


2 


3 


5 




Expt A 








Wt % N.N 'Diphenylterephthalamide Used in Advancement Reaction 


0 


2.9 


2.9 


2.9 


Wt % N-Phenylbenzamide Used in Advancement Reaction 


0 


0 


0 


0.96 


% Epoxide of Resin 


24.6 


22.7 


22.5 


22.4 


Bectric Field Applied During Cure, volts D.C. 


0 


0 


300 


16 


Glass Transition Temperature, ' C 


179 


173 


169 


165 


Tensile Strength, psi 


10,560 


9.920 


7.605 


9.915 


Tensile Modulus, ksi 


340 


356 


386 


373 


Strain to Failure, % 


5.3 


3.8 


2.4 


3.9 


Fiexural Strength, psi 


19.320 


13,060 


13,360 


18,420 


Fiexural Modulus, ksi 


388 


411 


413 


447 
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TABLE II 



DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4 -SULFONAMDO-N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN CURED WITH 

DIETHYLTOLUENEDiAMINE 


EXAMPLE NO. 


Comp. 


8 


9 


10 




Expt. A 








Wt. % 4 -Sulfonamido-N-Phenylbenzamide Used in Advancement Reaction 


0 


9,1 


9.1 


9.1 


% Epoxide of Resin 


24.6 


18.5 


18.5 


18.7 


Electric Field Applied During Cure, volts D.C, 


0 


0 


16 


50 


Glass Transition Temperature. * C 


179 


168 


166 


167 


Tensile Strength, psi 


10.560 


8.810 


11,120 


11.740 


Tensile Modulus, ksi 


340 


377 


386 


416 


Strain to Failure. % 


5.3 


3.1 


4.8 


5.2 


Flexural Strength, psi 


19,320 


20.970 


20.180 


20.850 


Flexural Modulus, ksi 


388 


424 


432 


436 
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DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4 -SULFONAMIDO-N-PHENYLBEN2AMIDE - PROPERTIES FOR NEAT RESIN CURED 

WITH DIETHYLTOLUENEDIAMINE 


EXAMPLE NO. 


1 


11 


Wt. 4'-Sulfonamido-N-Phenylbenzamide Used in Advancement Reaction 


0 


18.4 


Wt. % Bisphenol A Used in Advancement Reaction 


14.3 


0 


% Epoxide of Resin 


16.3 


16.3 


Electric Reld Applied During Cure, volts D.C. 


0 


300 


Glass Transition Temperature, *C 


150 


156 


Tensile Strength, psi 


11.100 


11,510 


Tensile Modulus, ksi 


351 


414 


Strain to Failure. % 


7.3 


4.3 


Flexural Strength, psi 


19,460 


22.360 


Flexural Modulus, ksi 


396 


460 



Claims 

1. An advanced epoxy resin compound prepared by reacting {A) at least one epoxy resin having an 
average of more than one vicinal epoxy group per molecule with (B) at least one compound having an 
average of more than one active hydrogen atom per molecule represented by the following formulas I, II or 
111: 
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5 



TO 



IS 



20 



25 




wherein each X is independently hydrogen, a hydrocarbyl or hydrocarbyloxy group having from 1 to 12. 
30 preferably from 1 to 6. most preferably from 1 to 4 carbon atoms, a halogen atom, -NO2 or -C=N; each x' 
is independently a hydroxy! group, a carboxyllc acid group or the group represented by the following 
formula IV: 




each Z is independently -CR^ = CR^-. -CR^ =CR^-CR^ = CRi-. -CR' = N-N = CR^-. -CR^ =CR^-CO-0-CH2-, 
.CR^ = CR^.CO-O.CH2-CH2-. -CH2-0-CO-CR^ =CRi-. -CH2-CH2-OCO-CR' = CR^-, -CR^ «CR^-CO-0-. -O 
CO-CR^=CR^-. -N = N-. -CONH-, -NH-CO-. -CO-NH-NH-C0-, -CsC-. -CsOOsC-, -COS-. -S-CO-. -CO-0-, 
-OC0-, a direct single bond when n^l. 



50 



55 



21 



EP 0 379 055 A2 



.CR1=N- 
4- 
0 



-N=CR1- 
0 



0 




ao 
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SO 
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Z' is independently -0-CO-. -C0-O-. -NR^-CO-. -CO-NR^-; each n' is independently zero or 1; is 
independently a hydrogen atom or an alkyi group having from 1 to 4 carbon atoms; is a divalent 
hydrocarbyl group having from 1 to 12, preferably from 1 to 6, more preferably from 1 to 4 carbon atoms; 
-SO-, -S-S-. or -CO-; each is independently -CO-NH-, or -NH-CO-: Z^ is a group 

5 represented by a cyclic or bicyclic ring system containing from 5 to 12, preferably from 5 to 10, more 
preferably from 5 to 6 carbon atoms or a group represented by the following formula V: 



70 



Formula V 




(X), 




n 
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Z3 is NH2-. NH2-S02-. NH2-CO-, or NHz-ZS-O-; each Z* is independently -CR'sOR^-, -CR^=CR^- 
CR^ = CR^-, -CR^ N-N = CR'-. -CR^ = CR^-CO-O-CHa-rCR^ = CR^-CO-O-CHs-CHa-. -GHz-O-CO-CR^ = CR^-, 
-CH2-GH2-0-C0-CR^==CR^-. -CR^ = GR'-CO-O-. -0-CO-CR^ = GR^-. -N = N-, -GO-NH-, -NH-CO-. -GO-NH- 
NH-CO^. -OG-, -GsC-GsC-, -GO-S-. -S-CO-. -CR^ = N-, -N = GR^-, -C0-0-, -0-GO-. a direct single bond, 
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is an alkyi or cycloalkyl group having from 1 to 10, preferably from 1 to 6, more preferably from 1 to 3 
carbon atoms; 2^ is the same as Z* with the proviso that it can also independently be a divalent 
hydrocarbyl group having from 1 to 4, carbon atoms, -SO-, -SO2-, -S-, -S-S-, -0-, or -CO; and n has an 
average value of zero to 6; with the proviso that (a) at least 80 percent of the Z and x' groups are in the 
5 para positiort with respect to each other in formula I and (b) at least 80 percent of the 7? and Z* groups are 
in the para position with respect to each other in formula 111; and wherein components (A) and (B) are 
employed in amounts which provide a ratio of active hydrogen atoms per vicinal epoxy group of from 0.01:1 
to 1.05:1. 

2. An advanced epoxy resin compound of Claim 1 wherein component (B) is 4'-sulfonamido-N-phenyl- 
70 benzamide or N.N'-bis(4-hydroxyphenyl)terephthalamide. 

3. An advanced epoxy resin compound of Claim 1 or 2 wherein component (A) is an epoxy resin 
represented by the following formulas VI, Vll, Vlll. IX or X: 
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FORMULA X 



10 



IS 




-CH2- 



0 
/ \ 
•C CH2 



{X)4 



(X)4 



2Q wherein each A is independently a divalent hydrocarbyl group having from 1 to 12 carbon atoms. -O. -S-, 
-SO-, -SO2-, or -CO-; each A independently a divalent hydrocarbon group having from 1 to 6, 
preferably from 1 to 3 carbon atoms; Q is a single bond. -CH2-S-GH2-. -(CH2)ni-, or 
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each R is independently hydrogen or an alkyi group having from 1 to 4 carbon atoms; each and R^ is 
independently hydrogen, a hydrocarbyl or halohydrocarbyl group having from 1 to 6 carbon atoms; each X 
is independently hydrogen, a hydrocarbyl or hydrocarbyloxy group having from 1 to 12 carbon atoms, a 
halogen atom, -NO2 or -CsN; m has a value from 1 to 10; m' has a value from 0.01 to 12; m' has an 
average value from 1 to 12; m^ has a value from 1 to 12; n has a value of zero or 1; n' has an average 
value from zero to 3; and n' has an average value from 1 to 10. 

4. A composition of Claim 1 wherein said advanced epoKy resin compound is oriented during 
processlng. 

5. A curable composition comprising (1) an advanced epoxy resin of Claim 1 and (II) a curing amount of 
a suitable curing agent or catalyst for component (1). 

6. A curable composition of Claim 5 wherein said epoxy resin is oriented prior to or during curing. 

7. A curable composition of Claim 6 wherein said orientation is achieved by subjecting the composition 
to an electric field, a magnetic field or a shear flow. 

8. A product or article resulting from curing a composition comprising 
(I) an advanced epoxy resin prepared by reacting 

(A) at least one epoxy resin having an average of more than one vicinal epoxy group per molecule; with 

(B) at least one compound having an average of more than one active hydrogen atom per molecule 
represented by the following fomnulas i. If or III: 



so 
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(X)4 (X)4 




wherein each X Is independently hydrogen, a hydrocarbyl or hydrocarbyloxy group having from 1 to 12, 
preferably from 1 to 6. most preferably from 1 to 4 carbon atoms, a halogen atom, -NO2 or -C=N; each x' 
30 is independently a hydroxy! group, a carboxyiic acid group or the group represented by the following 
formula IV: 



35 



Formula IV 
HO 



40 each Z is independently -CR^=CR'-. -CR^ =CRi.CR^ =CR^-, -CR^ =N-N = CR^-, -CR^ = CR^-CO-O-CHa-. 
-CR^=CR^-CO-OCH2-CH2-. -CHa-O-CO-CR^ = CR^-, -CHa-CHa-O-COCR^ = CR1 S -CR^ =CR^-CO-0-, -O- 
CO-CR1 -CR^-. -N = N-, -CO-NH-. -NH-CO-. -CO-NH-NH-CO. -CsC-, -CeC-C«C-. -CO-S-, -S-CO-, -C0-0-, 
-OC0-, a direct single bond when n^l , 
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Z is independently -OCO-, -C0-0-, -NRi-CO-, -CO-NR^s each n is independently zero or 1; is 
independently a hydrogen atom or an alkyi group having from 1 to 4 carbon atoms; is a divalent 
hydrocarbyl group having from 1 to 12, preferably from 1 to 6, more preferably from 1 to 4 carbon atoms; 
-SO-, -S-, -S-S-. -0-. or -CO-; each 2} is independently -CO-NH-, or -NH-CO-; 7? is a group 

represented by a cyclic or bicyclic ring system containing from 5 to 12, preferably from 5 to 10, more 
preferably from 5 to 6 carbon atoms or a group represented by formula V: 



Formula V 
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7? is NH2-, NH2-SO2-. NH2-CO-. or NH2-Z5.0-; each Z'^ is independently -CR^^CR^-. -CR^=:CR^- 
CR^ =CR^-. -CR^ = N-N = CRi-, -CR^ « GR^-CO-0-CH2-, -GR^ =CR^-GO-0-GH2-CH2-, -CH2-0-GO-CR^ =GRi-. 
-CH2-GH2-0-G0-CR^=CR'-, -CR^ = GR^-GO-0-, -O-G0-CR^=CRS -N = N-, -GO-NH-. -NH-G0-, -GO-NH- 
NH-GO-. -GsC-. 'C^O'Q^, -GO-S- -S-GO-. -GR^ =^N-, -N = GR'-. -CO-0-. -0-G0-, a direct single bond, 
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2^ is an alkyi or cycioalkyl group having from 1 to 10. preferably from 1 to 6. more preferably from 1 to 3 
carbon atoms: is the same as Z* with the proviso that it can also Independently be a divalent 
hydrocarbyl group having from 1 to 4 carbon atoms, -SO, -SQ2-, -S-, -S-S-, -O, or -CO-; and n has an 
average value of zero to 6; 
with the proviso that 

(a) at least 80 percent of the Z and X' groups are in the para position with respect to each other in formula 
I, and 

(b) at least 80 percent of the Z^ aruj Z* groups are in the para position with respect to each other in formula 
111; and 

wherein components (A) and (B) are employed in amounts which provide a ratio of active hydrogen atoms 
per vicinal epoxy group of from 0.01:1 to 0.95:1; and 

(U) a curing amount of a suitable curing agent or curing catalyst for component (I), 
9. A product or article resulting from curing a composition of Ciaim 8 wherein 

(i) component (A) is an epoxy resin represented by the following formulas VI, VI!, VUl, IX or X: 
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FORMULA X 
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2Q wherein each A ts independentiy a divalent hydrocarbyl group having from 1 to 12 carbon atoms, -0-, -S-, 
-S-S% -SO-. -SO2-. or -CO-: each A is independently a divalent hydrocarbon group having from 1 to 6, 
preferably from 1 to 3 carbon atoms; Q is a single bond, -CH2-S-CH2-, -(CH2)ni-. or 
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each R is independently hydrogen or an alkyi group having from 1 to 4 carbon atoms; each and R^ is 
independently hydrogen, a hydrocarbyl or halohydrocarbyl group having from 1 to 6 carbon atoms; each X 
is independently hydrogen, a hydrocarbyl or hydrocarbyloxy group having from 1 to 12 carbon atoms, a 
halogen atom. -IMO2 or -C^N; m has a value from 1 to 10; m' has a value from 0.01 to 12; m^ has an 
average value from 1 to 12; m^ has a value from 1 to 12; n has a value of zero or 1; n has an average 
value from zero to 3; and n^ has an average value from 1 to 10; 

(ii) component (B) is a compound represented by formula I wherein each X is independently 
hydrogen, a hydrocarbyl or hydrocarbyloxy group containing from 1 to 4 carbon atoms, a halogen atom or a 
-CsN group; each x' is independently a hydroxyl group, a carboxylic acid group or a group represented by 
formula IV; each Z is independently -N = N-. -CO-NH-. -NH-CO-. -COO-, -0-C0-, -CR^ =CR^ , 



-C=CH- , 
I 



-CHsC- 



0 



where each R^ is independently a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; each 
is independently a divalent hydrocarbyl group having from 1 to 4 carbon atoms, -SO-. -SO2-. -0-, or 
-CO-; and n has a value from zero to 6; 

fiii) components (A) and (B) are employed in amounts which provide a ratio of active hydrogen atoms 
per vicinal epoxy group of from 0.01:1 to 0,95:1; and 

(iv) component (II) is an aliphatic or cycloaliphatic compound containing more than one primary or 
secondary amine group per molecule, an aromatic compound containing more than one primary or 
secondary amine group per molecule, dicarboxyiic acid anhydride, a phenol-aldehyde novolac resin, a 
substituted phenol-aldehyde novolac resin, an alkylolated urea-aldehyde resin, an alkylolated melamine- 
aldehyde resin, a guanadine, or any combination thereof. 

1 0. A product or article resulting from curing a composition of Claim 8 wherein component (B) is bis(4- 
hydroxyphenyl)terephthalate. 

11, A product or article resulting from curing a composition of Claim 9 wherein component (B) is N.n'- 
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diphenylterephthalamide or a mixture of N,N'-dlphenylterephthalamic anc N-p^ r»y Ibenzamide. 

12. A product or article resulting from curing a composition o- iaim 9 -herein component (B) is 4- 
sulfonamido-N-phenylbenzamide, 

13. The product or article of Claim 8, 9, 10, 11 or 12 wherein aid epoxy resin is oriented prior to or 
5 during curing. 

14. The product or article of Claim 13 wh^ein said orie- on is achieved by subjecting the 
composition to an electric field, a magnetic field or a shear flow. 
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